Applications that manipulate digital audio and video are rapidly being added to workstations. Such computations can often consume the resources of an entire machine. By incorporating a "realtime" process scheduler, UNIX System V Release 4 (SVR4), the most common basis of workstation operating systems, claims to provide system support for mukimedia applications. Our quantitative measurements of real application performance demonstrate that this process scheduler is largely ineffective and can even produce system lockup. While SVR4 UNIX provides many controls for changing scheduler performance, they are virtually impossible to use successfully. Furthermore, the existence of a realtime static priority process scheduler in no way allows a user to deal with these problems. This paper provides a quantitative analysis of real system behavior, demonstrates why it is not possible to obtain the kind of behavior desired with the mechanisms currently provided by the system, and presents modifications to improve the situation.
Introduction
Applications that manipulate digital audio and video represent a new class of computations executed by workstation users. Audio and video applications must operate in the workstation environment without compromising the essential characteristics of the workstation. That is, audio and video applications should not reduce the workstation to a single function system, like an embedded system or single-tasking PC. Instead, the workstation operating system must manage resources in such a manner that other applications and users can continue to function correctly.
A fundamental task of any operating system is the effective management of the system's resources. Resources that must be properly managed include processor cycles, virtual and physical memory, and I/O bandwidth. Although mismanagement of any of these resources can lead to poor system function [12], we have focused on processor scheduling in this paper. Processor cycles are often the most over-subscribed resource, with many applications able to use more processing power than can be provided. In such an environment, the degree of effectiveness of processor scheduling is the dominant factor in overall system performance.
Anticipating that processor scheduling based on traditional timesharing would not be suitable for the support of multimedia applications, UNIX System V Release 4 (SVR4) provides a realtime static priority scheduler, in addition to a standard UNIX timesharing scheduler [1] . By scheduling realtime tasks at a higher priority than any other class of tasks, SVR4 UNIX allows realtime tasks to obtain processor resources when needed in order to meet their timeliness requirements. This solution claims to provide robust system support for multimedia applications by allowing applications such as those that manipulate audio and video to be placed in the realtime class. Since SVR4 UNIX is the most common basis of current workstation operating systems, it is important to investigate these assertions. Therefore, we have used an SVR4 UNIX based system to examine actual performance of real multimedia applications running in a workstation environment.
Through careful measurements of application performance, we quantitatively demonstrate that the SVR4 UNIX scheduler manages system resources poorly for both so-called realtime and timesharing activities, resulting in unacceptable system performance for multimedia applications. Not only are the application latencies much worse than desired, but pathologies occur with the scheduler such that the system no longer accepts user input. This paper describes these experiments and measurements. In addition, this paper introduce a new scheduling class which we developed that alleviates many of these problems.
The paper is organized as follows. Section 2 provides an overview of the experiments and Section 3 describes the experimental setup and applications that we used for our measurements. Section 4 presents our measurements and Section 5 discusses the results. Finally, we present conclusions and directions for future work.
Overview of Experiments
To examine the ability of the processor scheduling policies of SVR4 UNIX to support multimedia applications, we have identified three classes of computational activities that characterize the main types of programs executed on workstations" interactive, continuous media, and batch. Interactive activities are characteristic of applications (e.g., text editors or programs with graphical user interfaces) in which computations must be completed within a short, uniform amount of time in order not to disrupt the exchange of input and output between the user and application. Continuous media activities are characteristic of applications that manipulate sampled digital media (e.g., television or teleconferencing), via cyclic computations that must process and transport media samples at a defined rate. Batch activities are characteristic of applications (e.g., long compilations or scientific programs) in which the required processing time is sufficiently long to allow users to divert their attention to other tasks while waiting for the computation to complete. By selecting applications from each of these classes, a representative workload can be constructed that characterizes typical multimedia workstation usage. In order to simplify the experiments and the task of interpreting the resulting data, only one program from each class is used in the following experiments.
